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Description

BACKGROUND

Technical Field

[0001] Thepresent disclosure relates to a roll pressapparatus for forminga compressedstrip-shapedelectrodeplateby
roll-pressing a strip-shaped electrode plate and a manufacturing method for a compressed strip-shaped electrode plate
which is manufactured by roll-pressing a strip-shaped electrode plate.

Related Art

[0002] As an electrode plate used for a lithium-ion secondary cell, there has been known a compressed strip-shaped
electrode plate formed of a compressed active material layer which has been pressed in its thickness direction and
compressed on a strip-shaped current collecting foil. Further, among electrode plates having the above-mentioned
configuration, as shown in FIG. 17, there is a compressed strip-shaped electrode plate 901 configured such that a center
portion in a width direction FH constitutes a strip-shaped post-pressed active material portion 911 including compressed
active material layers 905 and 906 in a thickness direction GH and both side portions in the width direction FH constitute
strip-shaped post-pressed activematerial absent portions 912 having no compressed active material layers 905 and 906
in the thickness direction GH, respectively.
[0003] This compressed strip-shaped electrode plate 901 is manufactured by the following method, for example.
Specifically, a center portion in the width direction FH of the strip-shaped current collecting foil 3 is firstly formed by strip-
shaped undried active material layers 905X and 906X, and subsequently, the undried active material layers 905X and
906X are heated and dried to form strip-shaped active material layers 905Z and 906Z. Then, this strip-shaped electrode
plate 901Z is conveyed in a longitudinal directionEHand roll-pressed to compact the activematerial layers 905Zand906Z
in the thickness direction GH so that the compressed active material layers 905 and 906 are formed. In this manner, the
compressed strip-shaped electrode plate 901 is manufactured. As an example of a conventional technique, JP
2017‑228349A1 can be given.
[0004] Further, patentdocumentKR20130033318Adisclosesa roll pressapparatusaccording to thepreambleof claim
1which includes a returning unit, a roll press forming unit, andanon-coated part heating device. The roll press forming unit
includes a pressing roll heating and pressing a coated part of a stripe shaped material in which preset tension is applied.
Thenon-coatedpart heatingdevice rolls and touchesaheating roller onanon-coatedpart,which ispassed through the roll
press forming unit, so that the non-coated part is heated to a predetermined temperature and is intensively elongated.
[0005] Inaddition, patent documentUS2018 /226630A1discloses that awork roll havingadiameter smaller than that of
the pressing roll is pressed to allow the uncoated part to be rolled between the pressing roll and thework roll, and thework
roll is held by two backup rolls arranged in a V-shape formation so that the work roll can press the uncoated part with a
pressing force uniform in width-wise.
[0006] Moreover, patent document EP 3 446 806 A1 discloses that in a wrinkling prevention device, a work roll having a
diameter smaller than that of a press-roll is pressedagainst thepress-roll, and thework roll is supportedbyabearing frame
through a backup roll. Further, an edge roller is disposed at an end part of the bearing frame which supports the work roll,
and the edge roller is brought into contact with the other press-rolls not in contact with the work roll.

SUMMARY

Technical Problems

[0007] However,when theabove-mentioned strip-shapedelectrodeplate 901 is to be roll-pressed, in theactivematerial
absent portions 912Z, there might be repeatedly generated oblique wrinkles SWextending obliquely from an inside to an
outsideof thewidthdirectionFHand fromanupstreamsideEUHtoadownstreamsideEDH,especially aroundaboundary
with the active material portion 911Z.
[0008] The present disclosure has beenmade in view of the above circumstances and has a purpose of providing a roll
press apparatus that can roll-press a strip-shaped electrode plate with adjusting a balance of a tensile force applied to
active material absent portions of the strip-shaped electrode plate and a manufacturing method for a compressed strip-
shaped electrode plate that can restrain generation of wrinkles on the active material absent portions by adjusting the
balance of the tensile force applied to the active material absent portions of the strip-shaped electrode plate.
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Means of Solving the Problems

[0009] The invention isdefinedby the roll pressapparatusaccording toclaim1and themanufacturingmethodaccording
to claim5.Oneaspect of the present disclosure for solving theaboveproblem is a roll press apparatus configured to forma
compressedstrip-shapedelectrodeplate formedwithacompressedactivematerial layer,which is formed inamanner that
a strip-shaped electrode plate is conveyed in a longitudinal direction to be roll-pressed so that a active material layer is
compressed, the strip-shaped electrode plate comprising: an active material portion including a strip-shaped current
colleting foil and the active material layer of a strip shape extending over the current collecting foil in the longitudinal
direction of the current collecting foil, the activematerial portion of a strip shape extending in the longitudinal direction and
including theactivematerial layer in a thicknessdirection of the current collecting foil, andanactivematerial absent portion
of a strip shape extending in the longitudinal direction and being arranged with the active material portion in a width
direction of the current collecting foil, the active material absent portion having no active material layer in the thickness
directionandhavinga thinner thickness than theactivematerial portion,wherein the roll pressapparatus includes: apair of
press rolls placed in parallel with a roll gap formed therebetween; and a tensile-force-ratio adjustment mechanism
configured to adjust a tensile force ratio of an upstream active material absent portion tensile force and a downstream
active material absent portion tensile force to be smaller than in a case of not providing the tensile-force-ratio adjustment
mechanism, in an inter-roll active material absent portion held with no compression by the pair of press rolls of the active
material absent portion of the strip-shaped electrode plate.
[0010] The present inventors have diligently studied and concluded that, when roll-pressing a strip-shaped electrode
plate, an active material absent portion (a post-pressed active material absent portion) tends to cause wrinkles or hardly
cause wrinkles depending on a value of a tensile force ratio τd / τu of an upstream active material absent portion tensile
force τu and a downstream active material absent portion tensile force τd which are applied to inter-roll active material
absent portions of the activematerial absent portion held between a pair of press rolls in an uncompressedmanner. From
this reason, when roll-pressing by a conventional roll press apparatus, in most cases, an upstream entire tensile force Tu
applied to an upstream side of the entire strip-shaped electrode plate before pressing and a downstream entire tensile
force Td applied to a downstream side of the entire compressed strip-shaped electrode plate after pressing are set to be
equal (Tu = Td).
[0011] In the above case, the upstream entire tensile force Tu applied to the strip-shaped electrode plate before roll-
pressing is applied entirely and almost equally over the width direction, and thus the upstream active material absent
portion tensile force τu applied to the inter-roll activematerial absent portion of the active material absent portion is small.
On the other hand, in the compressed strip-shaped electrode plate after roll-pressing, while the post-pressed active
material portion has been extended in a longitudinal direction by pressing, the post-pressed activematerial absent portion
has been hardly extended. Accordingly, most of the downstream entire tensile force Td applied to the compressed strip-
shapedelectrodeplate is not applied to thepost-pressedactivematerial portionbut only applied to thepost-pressedactive
material absent portion, so that the downstream active material absent portion tensile force τd applied to the inter-roll
active material absent portion becomes larger than the upstream active material absent portion tensile force τu (τd > τu).
This causes imbalance between the upstream active material absent portion tensile force τu and the downstream active
material absent portion tensile force τd which are applied to the inter-roll active material absent portion of the active
material absent portion, thereby increasing a tensile force ratio τd / τu. It has been confirmed that the above-mentioned
wrinkles SW (see FIG. 17) are easily generated when this tensile force ratio τd / τu becomes too large.
[0012] To address this problem, the above-mentioned roll press apparatus is provided with the above-mentioned
tensile-force-ratio adjustment mechanism. Thus, when roll-pressing the strip-shaped electrode plate, the strip-shaped
electrode plate can be roll-pressed to manufacture the compressed strip-shaped electrode plate with adjusting the
balance of the tensile force applied to the inter-roll active material absent portion of the active material absent portion,
specifically, with adjusting the tensile force ratio τd / τu of the upstream active material absent portion tensile force τu and
the downstream active material absent portion tensile force τd which are applied to the inter-roll active material absent
portion.
[0013] Herein, as a "strip-shaped electrode plate," there is a strip-shaped electrode plate configured such that a strip-
shapedactivematerial portion isplaced inacenter of awidthdirectionandstrip-shapedactivematerial absent portionsare
arranged on both sides in thewidth direction of this activematerial portion asmentioned above, for example. Alternatively,
there is another example of a strip-shaped electrode plate configured such that a plurality of strip-shaped active material
portions and a plurality of strip-shaped active material absent portions are alternately arranged in the width direction.
[0014] Further, as the "active material absent portion," other than an active material absent portion formed only of a
current collecting foil, there is an active material absent portion formed on a current collecting foil with a protective layer
having a thickness thinner than the active material layer as one example.
[0015] Further, theabove-mentioned roll pressapparatus isprovidedwith the tensile-force-ratioadjustmentmechanism
to adjust the tensile force ratio τd / τu, and an applicable range of this apparatus is not limited to a case that the upstream
entire tensile force Tu and the downstream entire tensile force Td are equal (Tu = Td).
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[0016] Further, another aspect of the present disclosure is a manufacturing method for a compressed strip-shaped
electrode plate comprising a strip-shaped current collecting foil and a compressed active material layer which has been
compressed in a thicknessdirection of the current collecting foil, themethod including: electrode plate forming of forming a
strip-shaped electrode plate, the strip-shaped electrode plate including: an active material portion of a strip shape
extending in a longitudinal direction and having an activematerial layer in a thickness direction, the activematerial portion
including the current collecting foil and the activematerial layer of a strip shape extending over the current collecting foil in
the longitudinal direction of the current collecting foil; andanactivematerial absent portion of a strip shapeextending in the
longitudinal direction and being arranged in thewidth direction of the activematerial portion and the current collecting foil,
the activematerial absent portion having no activematerial layer in the thickness direction and having a thinner thickness
than theactivematerial portion, andpressingof conveying thestrip-shapedelectrodeplate in the longitudinal directionand
roll-pressing the strip-shaped electrode plate by a pair of press rolls arranged in parallel with a roll gap formed there-
between to form thecompressedstrip-shapedelectrodeplateprovidedwith thecompressedactivematerial layer,wherein
the pressing is performed with adjusting a tensile force ratio of an upstream active material absent portion tensile force
applied to anupstreamsideandadownstreamactivematerial absent portion tensile force applied to a downstreamside of
an inter-roll active material absent portion to be smaller than in a case of not adjusting the tensile force ratio, which is not
compressed but held between the pair of press rolls so that generation of wrinkles in the active material absent portion is
restrained.
[0017] The above-mentioned manufacturing method for the compressed strip-shaped electrode plate includes the
above-mentioned pressing. Accordingly, the compressed strip-shaped electrode plate can be manufactured with
restraining generation of the wrinkles in the active material absent portion (post-pressed active material absent portion)
byadjusting thebalanceof the tensile forceapplied to the inter-roll activematerial absent portionamong theactivematerial
absent portion of the strip-shaped electrode plate, specifically, by adjusting the tensile force ratio τd / τu of the upstream
activematerial absent portion tensile force τuand thedownstreamactivematerial absent portion tensile force τdwhichare
applied to the inter-roll active material absent portion. Further developments of the present disclosure are given in the
dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]

FIG. 1 is a perspective view of a compressed strip-shaped electrode plate in first to fifth embodiments;
FIG. 2 is a flowchart of a manufacturing method for the compressed strip-shaped electrode plate in the first to fifth
embodiments;
FIG. 3 is an explanatory sideways view of a strip-shaped electrode plate, the compressed strip-shaped electrode
plate, and a roll press apparatus in the first embodiment;
FIG.4 isanexplanatory viewof thestrip-shapedelectrodeplate, afirst press roll, andanupstream-direction tensile roll
in the first embodiment when they are seen from an upstream side;
FIG. 5 is an explanatory view for explaining a tensile force applied to the strip-shaped electrode plate and the
compressed strip-shaped electrode prate before and after roll-pressing in the first and second embodiments;
FIG. 6 is an explanatory sideways view of the strip-shaped electrode plate, the compressed strip-shaped electrode
plate, and the roll press apparatus in the second embodiment;
FIG. 7 is an explanatory viewof the strip-shaped electrode plate, the first press roll, and the upstream-direction tensile
roll in the second embodiment when they are seen from the upstream side;
FIG. 8 is an explanatory sideways view of the strip-shaped electrode plate, the compressed strip-shaped electrode
plate, and the roll press apparatus in the third embodiment;
FIG. 9 is an explanatory view of the compressed strip-shaped electrode plate, the first press roll, and the upstream-
direction tensile roll in the third embodiment when they are seen from a downstream side;
FIG. 10 is an explanatory view for explaining the tensile force applied to the strip-shaped electrode plate and the
compressed strip-shaped electrode plate before and after roll-pressing in the third and fourth embodiments;
FIG. 11 is an explanatory sideways view of the strip-shaped electrode plate, the compressed strip-shaped electrode
plate, and the roll press apparatus in the fourth embodiment;
FIG. 12 is an explanatory view of the compressed strip-shaped electrode plate, the first press roll, and the upstream-
direction tensile roll in the fourth embodiment when they are seen from the downstream side;
FIG. 13 is an explanatory sideways view of the strip-shaped electrode plate, the compressed strip-shaped electrode
plate, and the roll press apparatus in the fifth embodiment;
FIG. 14 is an explanatory view of the compressed strip-shaped electrode plate, the first press roll, and a downstream-
side driving roll in the fifth embodiment when they are seen from the downstream side;
FIG. 15 is an explanatory view for explaining the tensile force applied to the strip-shaped electrode plate and the
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compressed strip-shaped electrode plate before and after roll-pressing in the fifth embodiment;
FIG. 16 is a graph showing a relationship between a tensile force ratio τd / τu of tensile forces τu and τd which are
applied toan inter-roll activematerial absentportionandadepthSFofwrinklesgenerated in theactivematerial absent
portion; and
FIG. 17 is a perspective view of a compressed strip-shaped electrode plate according to a conventional technique.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS

(First Embodiment)

[0019] A first embodiment of the present disclosure is explained below with reference to the accompanying drawings.
FIG. 1 is a perspective view of a compressed strip-shaped electrode plate 1 according to the first embodiment. This
compressed strip-shaped electrode plate 1 is used for manufacturing a rectangular parallel-piped hermetically sealed
lithium-ion secondary battery to bemountedon avehicle and the like suchasahybrid vehicle, a plug-in hybrid vehicle, and
an electric vehicle. To be specific, the compressed strip-shaped electrode plate 1 is a strip-shaped positive electrode plate
used for manufacturing a flat-wound shaped or laminated electrode body configuring a battery. In the following explana-
tion, a longitudinal direction EH, a width direction FH, and a thickness direction GH of the compressed strip-shaped
electrode plate 1 are defined as the ones indicated in FIG. 1.
[0020] The compressed strip-shaped electrode plate 1 includes a current collecting foil 3 made of a strip-shaped
aluminum foil extending in the longitudinal direction EHwith a thickness of about 13µm.This current collecting foil 3 has a
firstmain surface 3a, and on a center portion of thewidth direction FHextending in the longitudinal direction EHof this first
main surface 3a, a first compressed active material layer 5 (hereinafter, also simply referred as the "compressed active
material layer 5")witha thicknessof about 60µmwhichhasbeenpressedandcompressed in the thicknessdirectionGH is
formed in a strip-like shape in the longitudinal direction EH. Further, on a second main surface 3b on an opposite side, a
second compressed active material layer 6 (hereinafter, also simply referred as the "compressed activematerial layer 6")
with a thicknessof about 60µmwhichhasbeenpressedandcompressed in the thicknessdirectionGH is formed ina strip-
likeshape in the longitudinal directionEHonacenterportionof thewidthdirectionFHextending in the longitudinal direction
EH of the second main surface 3b. On the other hand, portions on both sides in the width direction FH extending in the
longitudinal directionEHof the current collecting foil 3 are not providedwith the compressedactivematerial layers 5 and6,
respectively, and the current collecting foil 3 is exposed in the thickness direction GH.
[0021] The compressed active material layers 5 and 6 are each configured with active material particles, conductive
particles, and binders. In the present first embodiment, the activematerial particles are lithium-transitionmetal composite
oxide, more specifically, lithium nickel-manganese-cobalt-oxide particles. Further, the conductive particles are acetylene
black (AB) particles, and the binders are polyvinylidene fluoride (PVDF).
[0022] This compressed stirp-shaped electrode plate 1 is, asmentioned above, formedwith the current collecting foil 3,
the strip-shapedcompressedactivematerial layers 5and6 formedon this current collecting foil 3. In the compressedstrip-
shapedelectrodeplate1,acenterportion in thewidthdirectionFH isastrip-shapedpost-pressedactivematerial portion11
having the compressed activematerial layers 5 and 6 in the thickness directionGH.On the other hand, in the compressed
strip-shapedelectrode plate 1, the both side portions in thewidth directionFH (portions arrangedon both sides in thewidth
direction FH of the post-pressed active material portion 11) are not provided with the compressed active material layers 5
and6 in the thicknessdirectionGH, andeachof theboth sides constitutesapost-pressedactivematerial absent portion12
having a thinner thickness than the post-pressed active material portion 11.
[0023] Amanufacturingmethod for the compressed strip-shaped electrode plate 1 is now explained (see FIG. 2 to FIG.
5). Firstly, in an "electrode pate forming step S1" (see FIG. 2), a strip-shaped electrode plate 1Zbefore being pressed is
formed. The electrode plate forming step S1 includes a "first undried layer forming step S11," a "first drying step S12," a
"second undried layer forming step S13," and a "second drying step S14" in this order.
[0024] In thefirst undried layer formingstepS11, astrip-shapedfirst undriedactivematerial layer5X is formedon thefirst
main surface 3a of the current collecting foil 3. Specifically, the activematerial particles (lithiumnickel-manganese-cobalt-
oxide particles in the present first embodiment), the conductive particles (theABparticles in thepresent first embodiment),
the binders (PVDF in the present first embodiment), and a disperse medium (N-Methyl-pyrrolidone (NMP) in the present
first embodiment) are mixed to obtain an active material paste in advance. In this first undried layer forming step S11, the
current collecting foil 3 is conveyed in the longitudinal directionEHand theactivematerial paste is discharged to the center
portion in thewidth direction FHof the firstmain surface 3a of the current collecting foil 3 by an application die (not shown),
so that the strip-shaped first undried active material layer 5X is serially formed on the first main surface 3a of the current
collecting foil 3.
[0025] Subsequently, in the first drying step S12, the strip-shaped electrode plate obtained in the first undried layer
forming step S11 is conveyed into a drying device (not shown) to heat and dry the first undried active material layer 5X by
blowing hot air, so that a first active material layer 5Z before being pressed (hereinafter, simply referred as an "active
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material layer 5Z") is formed.
[0026] Subsequently, in the second undried layer forming stepS13, as similar to the first undried layer forming stepS11,
the center portion of thewidth direction FHof the secondmain surface 3b on an opposite side of the current collecting foil 3
is also formed with a strip-shaped second undried active material layer 6X.
[0027] Subsequently, in the second drying step S14, as similar to the first drying step S12, the second undried active
material layer 6X of the strip-shaped electrode plate obtained in the second undried layer forming step S13 is heated and
dried by blowing hot air, so that a second activematerial layer 6Z before being pressed (hereinafter, simply referred as an
"activematerial layer 6Z") is formed. Thereafter, this strip-shaped electrode plate 1Z is wound into a roll-like shape by use
of a winding device (not shown).
[0028] This strip-shaped electrode plate 1Z is formed with the current collecting foil 3 and the active material layers 5Z
and 6Z. In the strip-shaped electrode plate 1Z, the center portion in the width direction FH is the strip-shaped active
material portion 11Z, which is before being pressed, having the active material layers 5Z and 6Z in the thickness direction
GH, and the both side portions arranged on both sides in the width direction FH of the active material portion 11Z are the
strip-shaped activematerial absent portions 12Z,which has not yet been pressed, having no activematerial layers 5Z and
6Z formed in the thickness direction GH, respectively.
[0029] Subsequently, in the "pressing step S2" (see FIG. 2), the strip-shaped electrode plate 1Z formed in the electrode
plate formingstepS1 is conveyed in the longitudinal directionEHand roll-pressedbyuseof a roll pressapparatus100 (see
FIG. 3 and FIG. 4) to compact each of the active material layers 5Z and 6Z in the thickness direction GH, so that the
compressed strip-shaped electrode plate 1 provided with the compressed active material layers 5 and 6 are formed (see
also FIG. 5).
[0030] Herein, the roll press apparatus 100 is explained. The roll press apparatus 100 is provided with a first press roll
110 and a second press roll 120 which are arranged in parallel with having a roll gap KA. The roll press apparatus 100
further includesa tensile-force-ratio adjustmentmechanism140providedonanupstreamsideEUH(a left side inFIG.3) of
the roll gap KA of the first press roll 110 and the second press roll 120, and this tensile-force-ratio adjustment mechanism
140 includes an upstream-direction tensile roll 130 placed near the roll gap KA.
[0031] Further, the roll press apparatus 100 is provided with a wind-off device (not shown) to wind off the strip-shaped
electrode plate 1Z, which is before being pressed and hereinafter referred as the pre-press strip-shaped electrode plate
1Z, that hasbeenwound intoa roll-like shapeand to convey thestrip-shapedelectrodeplate1Z in the longitudinal direction
EHandawind-updevice (not shown) towind thecompressedstrip-shapedelectrodeplate1whichhasbeenpressed intoa
roll-like shape. The roll press apparatus 100 is further provided with an upstream-side tensile force applying unit (not
shown) between the unwinding device (not shown) and the upstream-direction tensile roll 130 to apply an upstreamentire
tensile forceTu (in thepresent first embodiment, Tu=30.0N) toward theupstreamsideEUHover theentirewidth direction
FH to apply the force to the strip-shaped electrode plate 1Z during conveyance. Furthermore, the roll press apparatus 100
is providedwith adownstream-side tensile forceapplyingunit (not shown) to apply adownstreamentire tensile forceTd (in
the present first embodiment, as equal to Tu, Td = Tu = 30.0 N) toward a downstream side EDH over the entire width
direction FH to apply the force to the compressed strip-shaped electrode plate 1 during conveyance between the roll gap
KA of the first press roll 110 and the second press roll 120 and the winding device (not shown).
[0032] The first press roll 110 and the second press roll 120 are each formed with a roll surface 110m and a roll surface
120mboth ofwhich aremadeof stainless steel. The first press roll 110 and the secondpress roll 120 are each coupledwith
a motor (not shown), the first press roll 110 is rotatable in a clockwise direction in FIG. 3, and the second press roll 120 is
rotatable in a counter-clockwise direction in FIG. 3. In the present first embodiment, the strip-shaped electrode plate 1Z
that has beenwound off from thewinding device (not shown) is to be conveyed in the longitudinal directionEH in amanner
that the first active material layer 5Z faces upward in FIG. 3 and FIG. 4 and the second active material layer 6Z faces
downward in FIG. 3 and FIG. 4. Accordingly, in FIG. 3, the second press roll 120 placed upward comes to contact with the
first active material layer 5Z of the strip-shaped electrode plate 1Z, and the first press roll 110 placed downward in FIG. 3
comes to contact with the second active material layer 6Z of the strip-shaped electrode plate 1Z.
[0033] Herein, explanation of the active material portion 11Z of the strip-shaped electrode plate 1Z is made separately
with explanation about a portion held tightly between the first press roll 110 and the second press roll 120 in the roll gapKA
(the inter-roll active material portion 11Zb corresponding to an obliquely hatched part in FIG. 5) and explanation about a
portion on an upstream side EUH of the inter-roll active material portion 11Zb, i.e., a portion prior to roll-pressing (a pre-
press active material portion 11Za) (see FIG. 5). Further, explanation about the active material absent portions 12Z of the
strip-shaped electrode plate 1Z is made separately with explanation about a portion which is held between the first press
roll 110 and the second press roll 120 but not compressed (the inter-roll active material absent portions 12Zb) and
explanation about a portion on the upstream side EUH of the inter-roll active material absent portions 12Zb, i.e., portions
prior to roll-pressing (pre-press active material absent portions 12Za).
[0034] The tensile-force-ratio adjustment mechanism 140 adjusts the tensile force ratio τd / τu of an upstream active
material absent portion tensile force τuapplied to theupstreamsideEUHandadownstreamactivematerial absent portion
tensile force τd applied to the downstream side EDH in the above-mentioned inter-roll active material absent portions
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12Zb. The tensile-force-ratio adjustment mechanism 140 of the present first embodiment specifically includes the
upstream-direction tensile roll 130 as mentioned above, and the active material absent portion 12Z is pressed against
the first press roll 110 by the upstream-direction tensile roll 130 so that the upstream activematerial absent portion tensile
force τu applied to the inter-roll active material absent portions 12Zb can be increased.
[0035] To bemore specific, the upstream-direction tensile roll 130 is an elastic roll providedwith a roll center portion 131
placed in a center in thewidth directionFHand roll both-sideportions132placedonboth sidesof the roll center portion131
in the width direction FH and each formed with a roll surface 132mwhich has a larger diameter than the roll center portion
131 and ismade of rubber to be elastically deformed. The upstream-direction tensile roll 130 is also a follower roll to rotate
in association with conveyance of the strip-shaped electrode plate 1Z. In the roll 130, the roll center portion 131 having a
smaller diameter than the roll both-side portions 132 is to face with the pre-press activematerial portion 11Za of the active
material portion 11Z of the strip-shaped electrode plate 1Z with a clearance. On the other hand, the roll surfaces 132m of
the roll both-side portions 132 are pressure-contactedwith tensile roll pressure portions 12Zap (obliquely hatched parts in
FIG. 5) of the pre-press activematerial absent portions 12Za of the activematerial absent portions 12Z in the strip-shaped
electrode plate 1Z, and these tensile roll pressure portions 12Zap are each pressed against the first press roll 110.
[0036] In otherwords, the roll both-side portions 132of the upstream-direction tensile roll 130 are to press the tensile roll
pressure portions12Zap (the current collecting foil 3) of the pre-pressactivematerial absent portions 12Zaagainst the first
press roll 110 to hold and press the pre-press activematerial absent portions 12Za between the roll both-side portions 132
and the first press roll 110. As mentioned above, the upstream-direction tensile roll 130 is an elastic roll in which the roll
surfaces132maremadeof rubber andalsoa follower roll. Therefore, amagnitudeof a rotation resistanceof theupstream-
direction tensile roll 130 changes according to a magnitude of a press-contact force of the upstream-direction tensile roll
130 (the roll both-side portions 132) applied to the tensile roll pressure portions 12Zap and the first press roll 110. Namely,
when this rotation resistance is increased, a tensile force Tp applied in a direction of the upstream side EUH to the tensile
roll pressure portions 12Zap which are press-contacted with the upstream-direction tensile roll 130 and the pre-press
active material absent portions 12Za on the downstream side EDH of the tensile roll pressure portions 12Zap can be
increased.
[0037] Thus, it is possible to increase the upstreamactivematerial absent portion tensile force τu applied to the inter-roll
active material absent portions 12Zb. In the present first embodiment, the upstream-direction tensile roll 130 has been
adjusted such that the tensile roll pressure portions 12Zap and the pre-press active material absent portions 12Za on the
downstream side EDH of the tensile roll pressure portions 12Zap are each pulled toward the upstream side EUH with a
tensile force of Tp = 9.2N. Accordingly, the upstreamactivematerial absent portion tensile force τu applied to the inter-roll
activematerial absent portions 12Zb also increases by the tensile force of about Tp = 9.2Nas comparedwith a case of not
providing the upstream-direction tensile roll 130.
[0038] In the pressing stepS2, the strip-shaped electrode plate 1Zwhich has been unwound from the unwinding device
(not shown) and conveyed in the longitudinal directionEH is roll-pressedby the first press roll 110and the secondpress roll
120 and the activematerial layers 5Z and 6Z are compressed in the thickness directionGH, so that the compressed strip-
shaped electrode plates 1 each provided with the compressed active material layers 5 and 6 are serially manufactured.
Thereafter, thesecompressedstrip-shapedelectrodeplates1arewoundaround thewindingdevice (not shown) intoa roll-
like shape.
[0039] In the present first embodiment, the pre-press strip-shaped electrode plate 1Z is subjected to an upstreamentire
tensile force Tu of 30.0 N in a direction of the upstream side EUH by an upstream-side tensile force applying unit (not
shown). This upstream entire tensile force Tu is applied almost uniformly to the strip-shaped electrode plate 1Z over the
entire width direction FH. Accordingly, the tensile force Tu2 in a direction of the upstream side EUH applied to the active
material absent portions12Zbecomesasmall value corresponding to a sizeof awidthW2of the respectiveactivematerial
absent portions 12Z. In the present first embodiment, a widthWof the entire strip-shaped electrode plate 1Z is 216mm, a
widthW1of theactivematerial portion11Z is 150mm,andawidthW2of the respectiveactivematerial absent portions12Z
is 33mm (W=W1+2×W2). Therefore, the tensile force Tu2 in the direction of the upstream side EUHapplied to a pair of
the active material absent portions 12Z is defined as almost Tu2 = Tu × (W2 / W) = 30 × (33 / 216) = 4.6 N.
[0040] Further in the present first embodiment, the tensile roll pressure portions 12Zap are pressed against the first
press roll 110 by the roll both-side portions 132 of the upstream-direction tensile roll 130 as mentioned above. Thus, the
tensile roll pressure portions 12Zap and the pre-press active material absent portions 12Za in a downstream-side EDH
range of the tensile roll pressure portions 12Zap are pulled toward the upstream side EUH by a tensile force Tu2’ of the
original tensile forceTu2addedwith the above-mentioned tensile force Tp.As a result of this, the upstreamactivematerial
absent portion tensile force τu applied to the inter-roll active material absent portions 12Zb of the active material absent
portions 12Z is increased by the tensile force Tp as compared with the case of not providing the tensile-force-ratio
adjustmentmechanism140. In thepresent first embodiment, theupstreamactivematerial absent portion tensile force τu is
roughly defined as τu = Tu2 + Tp = Tu2’ = 4.6 + 9.2 = 13.8 N.
[0041] The compressed strip-shaped electrode plate 1 which has been roll-pressed is entirely subjected to the
downward entire tensile force Td in a direction of the downstream side EDH (in the present first embodiment, for example,
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Td = 30.0 N) by a downstream-side tensile force applying unit (not shown). However, in this compressed strip-shaped
electrode plate 1 which has been roll-pressed, while the post-pressed active material portion 11 is extended in the
longitudinal direction EH, the post-pressed active material absent portions 12 are hardly pressed due to their thin
thickness, so that the post-pressed active material absent portions 12 are hardly extended. Accordingly, the downward
entire tensile force Td is hardly applied to the post-pressed active material portion 11 (the tensile force Td1 applied to the
post-pressed active material portion 11 ≈ 0), but the downward entire tensile force Td is applied to the two post-pressed
active material absent portions 12 (see FIG. 5). Therefore, the magnitude of the tensile force Td2 in a direction of the
downstream side EDH applied to each of the post-pressed active material absent portions 12 is almost a half of the
downward entire tensile force Td (Td2 = Td / 2). Further, the downward active material absent portion tensile force τd
applied to the inter-roll active material absent portions 12Zb is almost equal to the tensile force Td2 in the direction of the
downward side EDH applied to the post-pressed active material absent portions 12 (τd = Td2). In the present first
embodiment, the downward entire tensile force Td is also set as Td = 30.0 N, and thus the tensile force Td2 in the direction
of the downward sideEDHand thedownward activematerial absent portion tensile force τdareeach resulted in Td2= τd=
15.0 N.
[0042] Therefore, providing the tensile-force-ratio adjustment mechanism 140 achieves reduction in the tensile force
ratio τd / τuof the upstreamactivematerial absent portion tensile force τuand thedownward activematerial absent portion
tensile force τd which are applied to the inter-roll active material absent portions 12Zb respectively as compared with the
caseof not providing the tensile-force-ratio adjustmentmechanism140. In thepresent first embodiment,when the tensile-
force-ratio adjustmentmechanism140 isnot provided, the tensile force results in τd / τu= τd /Tu2=15.0 / 4.6=3.26.On the
other hand, in the present first embodiment providing the tensile-force-ratio adjustment mechanism 140, the tensile force
ratio can be adjusted as τd / τu = τd / Tu2 = 15.0 / 13.8 = 1.09. The tensile force ratio τd / τu can be thus made small and
thereby reducing the imbalancebetween the tensile forces τdand τu, so that it is possible to restrain generationofwrinkles
in the active material absent portions 12Z (the post-pressed active material absent portions 12) in roll-pressing.
[0043] In addition, as shown in FIG. 5, in the active material portion 11Z, the tensile force applied to the inter-roll active
material portion 11Zb held between the first press roll 110 and the second press roll 120 in the roll gap KA causes the
imbalancebetween the force in thedirectionof theupstreamsideEUHand the force in thedirectionof thedownstreamside
EDH.Namely, the inter-roll activematerial portion11Zb is subjected to the tensile forceTu1 in thedirection of the upstream
sideEUH. In thepresent first embodiment, specifically, the tensile forceofTu1=Tu× (W1 /W)=30× (150 / 216)=20.8N is
applied.However, the inter-roll activematerial portion11Zb ishardly subjected to the tensile forceTd1 in thedirectionof the
downstream side EDH (the tensile force Td1 ≈ 0). This is because, as mentioned above, while the post-pressed active
material portion 11 is extended in the longitudinal direction EH, the post-pressed active material absent portions 12 are
hardly extended, so that the downward entire tensile force Td is hardly applied to the post-pressed activematerial portion
11.
[0044] Incidentally, there is no problem due to the imbalance in the magnitude of this tensile force Tu1 and the tensile
forceTd1. The inter-roll activematerial portion 11Zb is firmly held andpressed to be restricted by the first press roll 110and
the second press roll 120, and thus the tensile force Tu1 on the upstream side EUH and the tensile force Td1 on the
downstream side EDH are not influenced each other.

(Second Embodiment)

[0045] Next, a second embodiment is explained. The roll press apparatus 100 in the first embodiment is exemplified by
providing the tensile-force-ratio adjustmentmechanism 140 including the upstream-direction tensile roll 130 as an elastic
and follower roll (seeFIG.3andFIG.4).On theotherhand,a roll pressapparatus200of thepresent secondembodiment is
different in amanner that a tensile-force-ratio adjustmentmechanism 240 including an upstream-direction tensile roll 230
as a metal and driving roll is provided (see FIG. 6 and FIG. 7).
[0046] The tensile-force-ratio adjustment mechanism 240 according to the present second embodiment includes the
upstream-side tensile roll 230 placed near the roll gap KA on the upstream side EUH of the roll gap KA. This upstream-
direction tensile roll 230 is a metal roll including a roll center portion 231 placed in a center and roll both-side portions 232
placedonboth sides in thewidth directionFHof the roll center portion231andeach formedwith a roll surface232mhaving
a larger diameter than the roll center portion 231and beingmadeof stainless steel. The upstream-direction tensile roll 230
is further a driving roll to be driven and rotated in a counter-clockwise direction in FIG. 6 by a motor (not shown). The roll
center portion 231 of a small diameter faces the pre-press activematerial portion 11Za of the activematerial portion 11Z of
thestrip-shapedelectrodeplate1Zwithaclearance.On theotherhand, the roll surfaces232mof the roll both-sideportions
232 having the large diameter are each press-contacted with the pre-press active material absent portions 12Za of the
active material absent portions 12Z of the strip-shaped electrode plate 1Z.
[0047] The upstream-direction tensile roll 230 is rotated in a counter-clockwise direction at a rotation speed set in a
manner that a peripheral speed Vu of the roll both-side portions 232 is slower than a peripheral speed V1 of the first press
roll 110 (Vu <V1) to someextent. Accordingly, in the pre-press activematerial absent portions 12Za (the current collecting
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foil 3), the tensile roll pressure portions 12Zaq (the obliquely hatched parts in FIG. 5) are press-contacted with the first
press roll 110and the roll both-sideportions 232of the upstream-direction tensile roll 230and subjected to the tensile force
Tq in thedirectionof theupstreamsideEUHbya frictional force from the roll both-sideportions232 (seeFIG.5). Therefore,
the tensile roll pressure portions 12Zaq and the pre-press active material absent portions 12Za in the range of the
downstream sideEDHare pulled toward the upstream sideEUHby the tensile force Tu2’ (= Tu2 +Tq) which is an addition
of the original tensile force Tu2 and the tensile force Tq.
[0048] In the present second embodiment, the rotation speed of the upstream-direction tensile roll 230 is adjusted by
applying the tensile force Tq = 9.2 N which is equal to the tensile force Tp in the first embodiment. As a result of this, the
upstreamactivematerial absent portion tensile force τuapplied to the inter-roll activematerial absent portions 12Zb is also
added by the tensile force Tq = 9.2 N as compared with the case of not providing the upstream-direction tensile roll 230.
Further, thedownstreamactivematerial absent portion tensile force τd is as equal as the caseof the first embodiment (τd=
15.0 N).
[0049] Accordingly, while the tensile force ratio τd / τuof the upstreamactivematerial absent portion tensile force τuand
the downstream active material absent portion tensile force τd which are applied to the inter-roll active material absent
portions 12Zb is set as τd / τu = 3.26 when the tensile-force-ratio adjustment mechanism 240 is not provided, the tensile
force ratio canbeadjusted to τd / τu=1.09 inacase that thepressingstepS2 iscarriedoutbyuseof the roll pressapparatus
200of the present secondembodiment. Also in thepresent secondembodiment, the tensile force ratio τd / τu canbemade
small and the imbalanced state between the tensile forces τd and τu can be made small, so that it is possible to restrain
generation of wrinkles on the active material absent portions 12Z (the post-pressed active material absent portions 12) in
roll-pressing.

(Third Embodiment)

[0050] Next, a third embodiment is explained. The roll press apparatuses 100 and 200 of the first and second
embodiments have been embodied with the tensile-force-ratio adjustment mechanisms 140 and 240 including the
upstream-direction tensile rolls 130 and 230 to increase the upstream active material absent portion tensile force τu
applied to the inter-roll activematerial absent portions 12Zb, respectively (see FIGs. 3 to 7).On the other hand, a roll press
apparatus 300 of the present third embodiment is different from those embodiments in amanner that a tensile-force-ratio
adjustment mechanism 340 including an upstream-direction tensile roll 330 to reduce a downstream active material
absent portion tensile force τd applied to the inter-roll activematerial absent portions 12Zb is provided on the downstream
side EDH of the roll gap KA (see FIGs. 8 to 10).
[0051] Asexplained in the first embodiment, also in thepresent third embodiment anda fourth embodimentwhichwill be
explained below, the entire roll-pressed compressed strip-shaped electrode plate 1 is subjected to a downward entire
tensile force Td in a direction of the downward sideEDHby a downstream-side tensile force applying unit (not shown, also
in the present third embodiment, Td = 30.0 N, for example). While the post-pressed active material portion 11 of the
compressed strip-shaped electrode plate 1 is extended in the longitudinal direction EH by roll-pressing, the post-pressed
active material absent portions 12 are hardly extended, and thus the downward entire tensile force Td is hardly applied to
the post-pressed active material portion 11 (the tensile force Td1 ≈ 0) but applied to the two post-pressed active material
absent portions 12 (see FIG. 10). Accordingly, the magnitude of the tensile force Td2 in the direction of the downstream
side EDH applied to the post-pressed active material absent portions 12 is almost a half of the downward entire tensile
force Td (Td2 = Td / 2). Also in the present third and fourth embodiments, the downward entire tensile force is Td = 30.0 N,
and accordingly, the tensile force Td2 in the direction of the downstream side EDH is each roughly set as Td2 = 15.0 N.
[0052] The tensile-force-ratio adjustmentmechanism340according to thepresent thirdembodiment is providedwithan
upstream-direction tensile roll 330 placed on the downstream side EDH of the roll gap KA and near the roll gap KA. This
upstream-direction tensile roll 330 isanelastically deformable elastic roll formedwitha roll surface331mmadeof rubber in
a roll center portion 330, and also a follower roll rotating in association with conveyance of the compressed strip-shaped
electrodeplate 1. This upstream-direction tensile roll 330 is press-contactedwith a tensile roll pressure part 11r (inFIG. 10,
obliquely hatched parts) of the post-pressed active material portion 11 of the compressed strip-shaped electrode plate 1,
and this tensile roll pressure part 11r is being pressed against the first press roll 110 and pulled toward the upstream side
EUH, so that the downstream activematerial absent portion tensile force τd applied to the inter-roll activematerial absent
portions 12Zb is reduced.
[0053] The upstream-direction tensile roll 330 of the present third embodiment includes the roll center portion 331
placed in a center of thewidth direction FHand roll both-side portions 332 placed on both sides in thewidth direction FHof
the roll center portion 331 with a smaller diameter than the roll center portion 331. Each of the roll both-side portions 332
and the roll center portion 331 may have the equal diameter. The roll surface 331m of the roll center portion 331 is press-
contacted with the tensile roll pressure portion 11r of the post-pressed active material portion 11 of the compressed strip-
shaped electrode plate 1. On the other hand, the roll both-side portions 322 face the post-pressed active material absent
portions 12 of the compressed strip-shaped electrode part 1 with a clearance.
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[0054] To be more specific, the roll center portion 331 of the upstream-direction tensile roll 330 is to hold and press the
tensile roll pressure portion 11r between the roll center portion 331 and the first press roll 110 by pressing the tensile roll
pressure portion 11r of the post-pressed activematerial portion 11 against the first press roll 110. Asmentioned above, the
upstream-direction tensile roll 330 is an elastic and follower roll in which the roll surface 331m is elastically deformable.
Thus, rotation resistanceof the upstream-direction tensile roll 330 leads to generation of the tensile forceTr in the direction
of the upstream side EUHon the tensile roll pressure portion 11r that has been press-contacted with the roll center portion
331 of the upstream-direction tensile roll 330. Herein, the magnitude of the rotation resistance of the upstream-direction
tensile roll 330 changes according to the magnitude of the press-contact force of the upstream-direction tensile roll 330
(the roll center portion 331) applied to the tensile roll pressure portion 11r and the first press roll 110. When this rotation
resistance is made larger, it is possible to increase the tensile force Tr in the direction of the upstream side EUH applied to
the tensile roll pressure portion 11r which has been press-contacted with the upstream-direction tensile roll 330 and the
post-pressed active material portion 11 on the downstream side EDH downstream of the tensile roll pressure portion 11r.
[0055] As shown in FIG. 10, the tensile force Tr in the direction of the upstream side EUH applied to the tensile roll
pressure portion 11r is applied in an opposite direction from the downward entire tensile force Td which is applied in the
entire width direction FH of the pressed compressed strip-shaped electrode plate 1. Accordingly, in a range from the roll
gap KA to the tensile roll pressure portion 11r in the compressed strip-shaped electrode plate 1, the downward entire
tensile force Td applied to this compressed strip-shaped electrode plate 1 in the downward direction can be lessened.
Within this range, then, the tensile forceTd2’ applied to thepressedactivematerial absent portions12 in thedirectionof the
downstream side EDH can be made smaller than the tensile force Td2 (Td2’ = (Td - Tr) / 2 < Td2 = Td / 2). Therefore, the
downstreamactivematerial absent portion tensile force τdapplied in thedirection of thedownstreamsideEDH in the inter-
roll activematerial absent portions 12Zb canalso bemade small according to themagnitude of the generated tensile force
Tr.
[0056] In the present third embodiment, the press-contact force of the upstream-direction tensile roll 330 is adjusted
such that the tensile forceTr is setasTr=18.0N, for example.Asa result of this, in thepresent thirdembodiment, the tensile
force Td2’ and the downstreamactivematerial absent portion tensile force τd can be set as Td2’ = τd = (Td - Tr) / 2 = (30.0 -
18.0) / 2 = 6.0 N, resulting in decrease in the tensile force as compared with the original tensile force Td2 = 15.0 N.
[0057] Therefore, also in the present third embodiment, it is possible to reduce the tensile force ratio τd / τu of the
upstreamactivematerial absent portion tensile force τuand thedownstreamactivematerial absent portion tensile force τd
which are applied to the inter-roll active material absent portions 12Zb. For example, in the present third embodiment,
when the tensile-force adjustment mechanism 340 is not provided, the tensile force ratio is τd / τu = 15 / 4.6 =3.26, but on
the other hand, when the pressing step S2 is carried out by use of the roll press apparatus 300 of the present third
embodiment, the tensile force ratio can be adjusted to τd / τu = 6.0 / 4.6 = 1.30. The tensile force ratio τd / τu is thus made
small and the imbalance between the tensile forces τd and τu is made small, thereby achieving restraint in generation of
wrinkles in the active material absent portions 12Z (the post-pressed active material absent portions 12) in roll-pressing.

(Fourth Embodiment)

[0058] Next, a fourth embodiment is explained. The roll press apparatus 300 in the third embodiment is exemplifiedwith
providing the tensile force ratio adjustment mechanism 340 including the upstream-direction tensile roll 330 as an elastic
and follower roll (see FIG. 8 to FIG. 10). On the other hand, a roll press apparatus 400 in the present fourth embodiment is
different from that in the third embodiment in a manner that a tensile-force-ratio adjustment mechanism 440 including an
upstream-direction tensile roll 430 as a metal and driving roll is provided (see FIG. 10 to FIG. 12).
[0059] The tensile-force-ratio adjustment mechanism 440 according to the present fourth embodiment is provided with
an upstream-direction tensile roll 430 placed on a downstream side EDH of the roll gap KA and near the roll gap KA. This
upstream-direction tensile roll 430 is a metal roll having a roll surface 431mmade of stainless steel in a roll center portion
431 and also a driving roll to be driven in a counter-clockwise direction in FIG. 11 by a motor (not shown). This upstream-
direction tensile roll 430 is provided with the roll center portion 431 placed in a center portion in the width direction FH and
roll both-side portions 432 placed on both sides of the roll center portion 441 in the width direction FH and each having a
smaller diameter than the roll center portion 431. Herein, the roll both-side portions 432and the roll center portion 431may
have theequal diameter. The roll surface431mof the roll centerportion431 ispress-contactedwith the tensile roll pressure
portion 11s (the obliquely hatched part in FIG. 10) of the post-pressed active material portion 11 of the compressed strip-
shaped electrode plate 1. Further, the roll both-side portions 432 face the post-pressed activematerial absent portions 12
of the compressed strip-shaped electrode plate 1 with a clearance, respectively.
[0060] The upstream-direction tensile roll 430 is configured to rotate in the counter-clockwise direction such that a
peripheral speedVd of the roll center portion 431 is some slower than a peripheral speedV1 of the first press roll 110 (Vd<
V1). Therefore, in the post-pressed active material portion 11, the tensile roll pressure portion 11s (the obliquely hatched
part in FIG. 10) is press-contactedwith the first press roll 110 and the roll center portion 431, and thus the tensile force Ts in
the direction of the upstream side EUH is generated by a friction force applied by this roll center portion 431 (see FIG. 10).

10

EP 4 056 358 B1

5

10

15

20

25

30

35

40

45

50

55



[0061] Also in thepresent fourth embodiment assimilar to the thirdembodiment, as shown inFIG. 10, the tensile forceTs
applied to the tensile roll pressure portion 11s in the direction of the upstream side EUH faces opposite to the downstream
entire tensile forceTdapplied to the compressed strip-shapedelectrode plate 1 over the entirewidth directionFH.Thus, in
the range of the compressed strip-shaped electrode plate 1 from the roll gapKA to the tensile roll pressure portion 11s, it is
possible to lessen the downstream entire tensile force Td applied to the compressed strip-shaped electrode plate 1.
Accordingly, in this range, the tensile force Td2’ applied to the post-pressed active material absent portions 12 in the
direction of the downstream side EDH can bemade smaller than the tensile force Td2 (Td2’ = (Td - Ts) / 2 < Td2 = Td / 2).
Therefore, the downstream active material absent portion tensile force τd applied in the direction of the downstream side
EDH in the respective inter-roll active material absent portions 12Zb can also be made small according to the generated
tensile force Ts.
[0062] Also in the present fourth embodiment, the rotation speed of the upstream-direction tensile roll 430 is adjusted
such that the tensile force Ts is set as Ts = 18.0 N. Therefore, also in the present fourth embodiment, the tensile force Td2’
and the downstream activematerial absent tensile force τd can be set as Td2’ = τd = (Td - Ts) / 2 = (30.0 - 18.0) / 2 = 6.0 N,
thereby reducing the forces as compared with the original tensile force Td2 = 15.0 N.
[0063] Therefore, also in the present fourth embodiment, the tensile force ratio τd / τu of the upstream active material
absent portion tensile force τu and the downstream activematerial absent portion tensile force τdwhich are applied to the
inter-roll active material absent portions 12Zb can be made small. For example, in the present fourth embodiment, while
the tensile force ratio is set as τd / τu=3.26 in acase that the tensile-force-ratio adjustmentmechanism440 isnot provided,
the tensile force ratio can be adjusted as τd / τu = 6.0 / 4.6 = 1.30 as similar to the third embodiment in a case that the
pressing step S2 is carried out by use of the roll press apparatus 400 of the present fourth embodiment. This reduction in
the tensile force ratio τd / τu and reduction in the imbalance between the tensile forces τd and τu can also achieve restraint
in generationofwrinkleson theactivematerial absent portions12Z (thepost-pressedactivematerial absentportions12) in
roll-pressing.

(Fifth Embodiment)

[0064] Next, a fifth embodiment is explained. A roll press apparatus 500 of the present fifth embodiment is providedwith
a tensile-force-ratio adjustment mechanism 540 (see FIG. 13 to FIG. 15) including a downstream-side driving roll (a
downstream-direction tensile roll) 530 to press the post-pressed active material portion 11 after roll-pressing against the
first press roll 110andpull thepost-pressedactivematerial portion11 toward thedownstreamsideEDH.Thisdownstream-
sidedriving roll 530 is placedon thedownstreamsideEDHof the roll gapKAbetween the first press roll 110and thesecond
press roll 120 and near the roll gap KA. The downstream-side driving roll 530 is a metal roll provided with a roll center
portion 531 formedwith a roll surface 531mmade of stainless steel and a driving roll to be driven and rotated in a counter-
clockwise direction in FIG. 12 by a motor (not shown).
[0065] The downstream-side driving roll 530 is formed with the roll center portion 531 placed in a center portion in the
widthdirectionFHand roll both-sideportions532placedonbothsidesof the roll centerportion531 in thewidthdirectionFH
and each having a smaller diameter than the roll center portion 531. Herein, the roll both-side portions 532 and the roll
center portion 531 may have the equal diameter. The roll surface 531m of the roll center portion 531 is to be press-
contacted with a roll pressure portion 11t (an obliquely hatched part in FIG. 15) of the post-pressed activematerial portion
11 of the compressed strip-shaped electrode plate 1. On the other hand, each of the roll both-side portions 532 faces the
post-pressed active material absent portion 12 of the compressed strip-shaped electrode plate 1 with a clearance
therebetween.
[0066] The downstream-direction driving roll 530 is to rotate in an opposite direction from the first press roll 110 at a
rotation speed some faster in the peripheral speedVdof the roll center portion 531 than the peripheral speedV1 of the first
press roll 110 (Vd > V1). As mentioned above, in the compressed strip-shaped electrode plate 1 which has been roll-
pressed, while the post-pressed activematerial portion 11 has been extended in the longitudinal direction EHby pressing,
the post-pressed activematerial absent portion 12 has hardly been extended. Therefore, when the downstream-direction
driving roll 530 is not provided, the post-pressed active material portion 11 gets loosened.
[0067] To address this, in the present fifth embodiment, the downstream-direction driving roll 530 rotates at the fast
peripheral speed Vd with pressing the post-pressed active material portion 11 against the first press roll 110. By this fast
rotation, the post-pressed active material portion 11 which has been pressed and loosened is sequentially fed out to the
downstream side EDH, so that there is no loosening generated in the post-pressed activematerial portion 11 between the
roll gap KA and the downstream-direction driving roll 530 and the compressed strip-shaped electrode plate 1 results in a
stretched state over the entire width direction FH.
[0068] Accordingly, when there is no downstream-direction driving roll 530 provided, the downward entire tensile force
Td (= 30.0 N) is hardly applied to the post-pressed active material portion 11 (the tensile force Td1 applied to the inter-roll
active material portion 11Zb is set as Td1 ≈ 0), so that the downstream active material absent portion tensile force τd
applied to the two inter-roll active material absent portions 12Zb becomes large (τd = Td / 2 = 15.0 N) (see FIG. 5).
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[0069] To address this, in the present fifth embodiment, a part of the downstream entire tensile force Td is made to be
applied to the post‑ pressed active material portion 11 (the tensile force Td1 is also applied to the inter-roll active material
portion 11Zb), and thus the downstream active material absent portion tensile force τd applied to the two inter-roll active
material absent portions 12Zb is made small by that force (see FIG. 15). Specifically, a position of providing the
downstream-side driving roll 530 and the peripheral speed Vd of the downstream-side driving roll 530 are adjusted to
make the downstream active material absent tensile force τd applied to the respective inter-roll active material absent
portions 12Zb as small as τd = 6.0 N.
[0070] Accordingly, also in the present fifth embodiment, the tensile force ratio τd / τu of the upstream active material
absent portion tensile force τu and the downstream activematerial absent portion tensile force τdwhich are applied to the
inter-roll activematerial absent portions 12Zb can bemade small. For example, in the present fifth embodiment, while the
tensile force ratio is set as τd / τu=3.26when the tensile-force-ratio adjustmentmechanism540 is not provided, the tensile
force ratio can be adjusted as τd / τu = 6.0 / 4.6 = 1.30, when the pressing step S2 is carried out by use of the roll press
apparatus500of thepresent fifthembodiment assimilar to the thirdand fourthembodiments.Reduction in the tensile force
ratio τd / τu and reduction in the imbalance between the tensile forces τd and τu in this manner also leads to restraint in
generation of wrinkles on the active material absent portions 12Z (the post-pressed active material absent portions 12) in
roll-pressing.

(Experimental Results)

[0071] It is now explained about results of an experiment carried out for inspecting a relationship between wrinkles
generated on the current collecting foil 3 constituting the post-pressed activematerial absent portion 12 and a value of the
tensile force ratio τd / τu (see a table 1 and FIG. 16). As indicated in the table 1, the compressed strip-shaped electrode
plates 1 according to examples 1 to 11 are manufactured and a depth SF (mm) of the wrinkles generated on the current
collecting foil 3 constituting the post-pressed active material absent portion 12 is inspected. To be specific, the electrode
plate forming stepS1 is carried out and the strip-shaped electrode plates 1Z are formed. Thereafter, a roll press apparatus
with no tensile-force-ratio adjustment mechanism 140 provided in the above-mentioned roll press apparatus 100 is used
as a usual roll press apparatus (not shown) for performing the pressing step S2 to manufacture the compressed strip-
shaped electrode plates 1. However, in the respective examples, an upstream-side tensile force applying unit (not shown)
changes the magnitude of the upstream entire tensile force Tu applied to the entire width direction FH of the strip-shaped
electrode plate 1Z which is being conveyed and the magnitude of the downstream entire tensile force Td applied to the
entire width direction FH of the compressed strip-shaped electrode plate 1 during conveyance so that the compressed
strip-shaped electrode plate 1 in the respective examples are manufactured.

Table 1

Examples
Upstream
entire tensile
force Tu(N)

Upstream active
material absent
portion tensile
force τu (N)

Downstre
am entire
tensile force
Td(N)

Downstre am
active material
absent portion
tensile force τd
(N)

Tensile
force ratio
τd / τu Depth of wrinkle

(mm)

1 150.0 22.9 150.0 75.0 3.27 0.13

2 200.0 30.6 230.0 115.0 3.76 0.18

3 300.0 45.8 230.0 115.0 2.51 0.12

4 20.0 3.1 30.0 15.0 4.91 0.11

5 60.0 9.2 60.0 30.0 3.27 0.14

6 90.0 13.8 90.0 45.0 3.27 0.17

7 60.0 9.2 30.0 15.0 1.64 0.01

8 75.0 11.5 30.0 15.0 1.31 Less than 0.01

9 90.0 13.8 30.0 15.0 1.09 Less than 0.01

10 90.0 13.8 10.0 5.0 0.36 Less than 0.01

11 400.0 61.1 230.0 115.0 1.88 Less than 0.01

[0072] Thereafter, the compressed strip-shaped electrode plates 1 of the respective examples are eachmeasuredwith
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a depth SF (mm) of the wrinkles generated on the current collecting foil 3 constituting the post-pressed active material
absent portion12.Specifically, the current collecting foil 3 constituting thepost-pressedactivematerial absent 12 is cut out
from each of the compressed strip-shaped electrode plate 1 in the respective examples by 20 mm in the longitudinal
direction EH. Then, the thus cut-out current collecting foil 3 is disposed on an electrostatic adsorption stage to be
electrostatically adsorbed, and thereby the depth SF of the wrinkles is measured by a laser microscope with a flat portion
having no wrinkles (dents) as a reference.
[0073] A relationship between the tensile force ratio τd / τu of the tensile forces τu and τd applied to the inter-roll active
material absent portions 12Zb of the activematerial absent portions 12Z and the depth SF (mm) of thewrinkles generated
on the current collecting foil 3 constituting the post-pressed active material absent portions 12 is shown in a graph of FIG.
16.
[0074] In the present experiments, the upstreamactivematerial absent portion tensile force τu is calculatedby τu=Tu×
(W2 /W) = Tu× (33 / 216). On the other hand, the downstreamactivematerial absent portion tensile force τd is calculated
by τd = Td / 2.
[0075] Asclear fromFIG.16,when the tensile force ratio τd / τu is too largesuchasaboutequal toor larger than2.5, deep
wrinkles over a depth of 0.1mmare generated on the post-pressed activematerial absent portions 12. On the other hand,
when the tensile force ratio τd / τu is made small to reduce the imbalance between the tensile forces τd and τu such as at
least within a range of τd / τu ≤ 2.0, it has been confirmed that there are hardly generated wrinkles on the post-pressed
active material absent portions 12. Accordingly, it can be understood that the roll press apparatuses 100 to 500 provided
with the tensile-force-ratio adjustment mechanisms 140 to 540 as shown in the first to fifth embodiments are preferably
used to reduce the tensile force ratio τd / τu and reduce the imbalance between the tensile forces τd and τu, specifically by
adjusting the tensile force ratio as τd / τu ≤ 2.0 and carrying out the pressing stepS2. On the other hand, the productivity of
the compressed strip-shaped electrode plates 1 can be made preferable by enlarging the downstream active material
absent portion tensile force τd to some extent and carrying out the pressing step S2with the tensile force ratio τd / τu to be
set as τd / τu ≥0.3. Therefore, it is preferable to set the tensile force ratio τd / τuas τd / τu ≤2.0 and further preferably, set as
0.3 ≤ τd / τu ≤ 2.0.
[0076] As explained above, the roll press apparatuses 100, 200, 300, 400, and 500 of the first to fifth embodiments are
provided with the tensile-force-ratio adjustment mechanisms 140, 240, 340, 440, and 540, respectively. When the strip-
shaped electrode plate 1Z is to be roll-pressed by using these roll press apparatuses 100 and others, the strip-shaped
electrode plate 1Z can be roll-pressedwith adjusting the balance of the tensile force applied to the inter-roll activematerial
absent portions 12Zb of the active material absent portions 12Z, specifically, adjusting the tensile force ratio τd /τu of the
upstreamactivematerial absent portion tensile force τuand thedownstreamactivematerial absent portion tensile force τd
which are applied to the inter-roll active material absent portion 12Zb, and thus the compressed strip-shaped electrode
plate 1 can be manufactured.
[0077] Further, in the first and second embodiments, the tensile-force-ratio adjustment mechanisms 140 and 240
include the upstream-direction tensile rolls 130 and 230, respectively, and thus it is possible to increase the upstream
active material absent portion tensile force τu which is applied to the inter-roll active material absent portion 12Zb of the
active material absent portion 12Z. In this manner, only by a simple configuration of providing the upstream-direction
tensile rolls 130 and 230, the tensile force ratio τd /τu can bemade small and the imbalance between the tensile forces τd
and τu can be made small.
[0078] On the other hand, in the third and fourth embodiments, the tensile-force-ratio adjustment mechanisms 340 and
440 include theupstream-direction tensile rolls 330and340, respectively, and thus it is possible to reduce thedownstream
active material absent portion tensile force τd which is applied to the inter-roll active material absent portions 12Zb of the
active material absent portions 12Z. In this manner, only by a simple configuration of providing the upstream-direction
tensile rolls 330 and 430, the tensile force ratio τd /τu can bemade small and the imbalance between the tensile forces τd
and τu can be made small.
[0079] Further, in the fifth embodiment, the tensile-force-ratio adjustment mechanism 540 includes the downstream-
sidedriving roll 530, and thus thedownstreamactivematerial absentportion tensile force τdwhich isapplied to the inter-roll
active material absent portions 12Zb of the active material absent portions 12Z can be reduced. In this manner, only by a
simple configuration of providing the downstream-side driving roll 530, the tensile force ratio τd /τu can bemade small and
the imbalance between the tensile forces τd and τu can be made small.
[0080] In themanufacturingmethod for the compressed strip-shaped electrode plate 1 of the embodiments 1 to 5, in the
pressing step S2, the balance of the tensile force applied to the inter-roll activematerial absent portions 12Zb of the active
material absent portions 12Z of the strip-shaped electrode plate 1Z is adjusted, more specifically, the tensile force ratio τd
/τu of the upstream active material absent portion tensile force τu and the downstream active material absent portion
tensile force τd which are applied to the inter-roll active material absent portions 12Zb is adjusted to manufacture the
compressed strip-shaped electrode plate 1 with restraining generation of the wrinkles on the active material absent
portions 12Z (the post-pressed active material absent portions 12). Accordingly, the compressed strip-shaped electrode
plate 1 restrainedwith generation of thewrinkles can be further appropriately obtained. Especially, the tensile force ratio is
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set as τd /τu≤2 so that the compressed strip-shaped electrode plate 1 inwhich generation of thewrinkles is restrained can
be appropriately obtained by further restraining generation of the wrinkles on the active material absent portions 12Z (the
post-pressed active material absent portions 12). Furthermore, the tensile force ratio is set as τd /τu ≥ 0.3, and thus the
productivity of the compressed strip-shaped electrode plate 1 can be made preferable.
[0081] The present disclosure has been explained in the first to fifth embodiments mentioned above, but the present
disclosure is not limited to the first to fifth embodiments and may naturally be applied with modifications in an appropriate
manner without departing from the scope of the disclosure.
[0082] For example, the first to fifth embodiments apply the present disclosure in a case that the compressed strip-
shaped electrode plate 1 is a positive electrode plate, but alternatively, the present disclosure may be applied to another
case that the compressed strip-shaped electrode plate 1 is a negative electrode plate.

Reference Signs List

[0083]

1 Compacted strip-shaped electrode plate
1Z Strip-shaped electrode plate (which is before being pressed)
3 Current collecting foil
5 First compressed active material layer
5Z First active material layer (which is before being pressed)
6 Second compressed active material layer
6Z Second active material layer (which is before being pressed)
11 Post-pressed active material portion
11r, 11s Tensile roll pressure portion (of the post-pressed active material portion)
11t Roller pressure portion
11Z Active material portion (which is before being pressed)
11Za Pre-press active material portion
11Zb Inter-roll active material portion
12 Post-pressed active material absent portion
12Z Non-active material portion (which is before being pressed
12Za Pre-press active material absent portion
12Zap, 12Zaq Tensile roll pressure portion (of the pre-press active material absent portion)
12Zb Inter-roll active material absent portion
100, 200, 300, 400, 500 Roll press apparatus
110 First press roll
120 Second press roll
130, 230, 330, 430 Upstream-direction tensile roll
530 Downstream-side driving roll (downstream-direction tensile roll)
140, 240, 340, 440, 540 Tensile-force-ratio adjustment mechanism
EH Longitudinal direction
EUH Upstream side
EDH Downstream side
FH Width direction
GH Thickness direction
KA Roller gap
Tu Upstream entire tensile force
Td Downstream entire tensile force
Tu1, Tu2, Tu2’, Td1, Td2, Td2’, Tp, Tq, Tr, Ts Tensile force
τu Upstream active material absent portion tensile force
τd Downstream active material absent portion tensile force
S1 Electrode plate forming step
S2 Pressing step

Claims

1. A roll press apparatus (100;200;300;400;500) configured to form a compressed strip-shaped electrode plate (1)
formedwith a compressed activematerial layer (5,6), which is formed in amanner that a strip-shaped electrode plate
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(1Z) is conveyed in a longitudinal direction (EH) to be roll-pressed so that an active material layer (5Z,6Z) is
compressed,

the strip-shaped electrode plate (1Z) comprising:

an activematerial portion (11Z) including a strip-shaped current colleting foil (3) and the activematerial layer
(5Z,6Z) of a strip shape extending over the current collecting foil (3) in the longitudinal direction (EH) of the
current collecting foil (3), the active material portion (11Z) of a strip shape extending in the longitudinal
direction (EH) and including the active material layer (5Z,6Z) in a thickness direction (GH) of the current
collecting foil (3), and
an activematerial absent portion (12Z) of a strip shape extending in the longitudinal direction (EH) and being
arranged with the active material portion (11Z) in a width direction (FH) of the current collecting foil (3), the
active material absent portion (12Z) having no active material layer (5Z,6Z) in the thickness direction (GH)
and having a thinner thickness than the active material portion (11Z), wherein

the roll press apparatus (100;200;300;400;500) includes:

a pair of press rolls placed in parallel with a roll gap formed therebetween; and
characterized in that the roll press apparatus includes
a tensile-force-ratio adjustment mechanism (140;240;340;440;540) configured to adjust a tensile force ratio
(τd / τu) of an upstream active material absent portion tensile force (τu) and a downstream active material
absent portion tensile force (τd) to besmaller than in acaseof not providing the tensile-force-ratio adjustment
mechanism, inan inter-roll activematerial absentportion (12Zb)heldwithnocompressionby thepair of press
rolls (110,120) of the active material absent portion (12Z) of the strip-shaped electrode plate (1Z).

2. The roll press apparatus (100;200) according to claim 1, wherein the tensile-force-ratio adjustment mechanism
(140;240) includes a first upstream-direction tensile roll (130;230) configured to push a pre-press active material
absent portion (12Za, 12Zap, 12Zaq) before roll-pressing of the active material absent portion (12Z) of the strip-
shaped electrode plate (1Z) against any one of the pair of press rolls (110,120) and pull the pre-press active material
absent portion (12Za, 12Zap, 12Zaq) toward anupstreamside (EUH) to increase the upstreamactivematerial absent
portion tensile force (τu) that is applied to the inter-roll active material absent portion (12Zb).

3. The roll press apparatus (300,400) according to claim 1 or 2, wherein the tensile-force-ratio adjustment mechanism
(340,440) includes a second upstream-direction tensile roll (330,430) configured to push the post-pressed active
material portion (11,11r,11s) of the compressed strip-shaped electrode plate (1) after roll-pressing against any one of
thepair of press rolls (110,120) andpull thepost-pressedactivematerial portion (11,11r,11s) toward theupstreamside
(EUH) to reduce the downstream activematerial absent portion tensile force (τd) that is applied to the inter-roll active
material absent portion (12Zb).

4. The roll press apparatus (500) according to claim 1 or 2, wherein the tensile-force-ratio adjustmentmechanism (540)
includes a downstream-direction tensile roll (530) configured to push the post-pressed activematerial portion (11,11t)
of the compressed strip-shaped electrode plate (1) after roll-pressing against any one of the pair of press rolls
(110,120) and pull the post-pressed active material portion (11,11t) toward a downstream side (EDH) to reduce the
downstream active material absent portion tensile force (τd) that is applied to the inter-roll active material absent
portion (12Zb).

5. A manufacturing method for a compressed strip-shaped electrode plate (1) comprising a strip-shaped current
collecting foil (3) and a compressed active material layer (5,6) which has been compressed in a thickness direction
(GH) of the current collecting foil (3),

the method including:

electrode plate forming of forming a strip-shaped electrode plate (1Z), the strip-shaped electrode plate (1Z)
including:

an active material portion (11Z) of a strip shape extending in a longitudinal direction (EH) and having an
activematerial layer (5Z,6Z) in a thickness direction (GH), the activematerial portion (11Z) including the
current collecting foil (3) and the activematerial layer (5Z,6Z) of a strip shape extending over the current
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collecting foil (3) in the longitudinal direction (EH) of the current collecting foil (3); and
an active material absent portion (12Z) of a strip shape extending in the longitudinal direction (EH) and
being arranged in the width direction (FH) of the active material portion (11Z) and the current collecting
foil (3), the active material absent portion (12Z) having no active material layer (5Z,6Z) in the thickness
direction (GH) and having a thinner thickness than the active material portion (11Z), and

pressingof conveying thestrip-shapedelectrodeplate (1Z) in the longitudinal direction (EH)and roll-pressing
the strip-shaped electrode plate (1Z) by a pair of press rolls (110,120) arranged in parallel with a roll gap (KA)
formed therebetween to form thecompressedstrip-shapedelectrodeplate (1) providedwith the compressed
active material layer (5,6), characterized in that

the pressing is performedwith adjusting a tensile force ratio (τd / τu) of anupstreamactivematerial absent portion
tensile force (τu)applied toanupstreamside (EUH)andadownstreamactivematerial absentportion tensile force
(τd) applied to a downstreamside (EDH) of an inter-roll activematerial absent portion (12Zb) to be smaller than in
a case of not adjusting the tensile force ratio (τd / τu), which is not compressed but held between the pair of press
rolls (110,120) so that generation of wrinkles in the active material absent portion (12Z) is restrained.

6. The manufacturing method of the compressed strip-shaped electrode plate (1) according to claim 5, wherein the
tensile force ratio (τd / τu) is set to be 2.0 or less.

7. The manufacturing method of the compressed strip-shaped electrode plate (1) according to claim 6, wherein the
tensile force ratio (τd / τu) is set to be 0.3 or more.

Patentansprüche

1. Walzpressvorrichtung (100; 200; 300; 400; 500), die dafür ausgelegt ist, eine komprimierte, streifenförmige Elektro-
denplatte (1) zu bilden, die mit einer komprimierten Aktivmaterialschicht (5, 6) gebildet ist, die auf eine solcheWeise
gebildet wird, dass eine streifenförmige Elektrodenplatte (1Z) in einer Längsrichtung (EH) bewegt wird, um walz-
gepresst zu werden, so dass eine Aktivmaterialschicht (5Z, 6Z) komprimiert wird,
wobei die streifenförmige Elektrodenplatte (1Z) aufweist:

einen Aktivmaterialabschnitt (11Z), der eine streifenförmige Stromsammelfolie (3) und die Aktivmaterialschicht
(5Z, 6Z) in Streifenform, die über die Stromsammelfolie (3) in der Längsrichtung (EH) der Stromsammelfolie (3)
verläuft, beinhaltet, wobei der Aktivmaterialabschnitt (11Z) in Streifenform in der Längsrichtung (EH) verläuft und
die Aktivmaterialschicht (5Z, 6Z) in einer Dickenrichtung (GH) der Stromsammelfolie (3) beinhaltet, und
einen Nichtaktivmaterialabschnitt (12Z) in Streifenform, der in der Längsrichtung (EH) verläuft und mit dem
Aktivmaterialabschnitt (11Z) in einer Breitenrichtung (FH) der Stromsammelfolie (3) angeordnet ist, wobei der
Nichtaktivmaterialabschnitt (12Z) keine Aktivmaterialschicht (5Z, 6Z) in der Dickenrichtung (GH) aufweist und
eine dünnere Dicke aufweist als der Aktivmaterialabschnitt (11Z), wobei
die Walzpressvorrichtung (100; 200; 300; 400; 500) beinhaltet:

ein Paar Presswalzen, die parallel platziert sind, wobei ein Walzspalt dazwischen gebildet ist; und
dadurch gekennzeichnet, dass die Walzpressvorrichtung beinhaltet:
einen Zugkraftverhältniseinstellmechanismus (140; 240; 340; 440; 540), der dafür ausgelegt ist, bei einem
Zwischenwalzen-Nichtaktivmaterialabschnitt (12Zb), der ohne Kompression durch das Paar Presswalzen
(110, 120) des Nichtaktivmaterialabschnitts (12Z) der streifenförmigen Elektrodenplatte (1Z) gehalten wird,
ein Zugkraftverhältnis (τd/τu) einer Zugkraft (τu) eines stromaufwärtsseitigen Nichtaktivmaterialabschnitts
und einer Zugkraft (τd) eines stromabwärtsseitigen Nichtaktivmaterialabschnitts kleiner als in einem Fall
einzustellen, bei dem der Zugkraftverhältniseinstellmechanismus nicht vorhanden ist.

2. Walzpressvorrichtung (100; 200) nach Anspruch 1, wobei der Zugkraftverhältniseinstellmechanismus (140; 240)
eine erste Stromaufwärtsrichtungs-Zugwalze (130; 230) beinhaltet, die dafür ausgelegt ist, einen Vorpress-Nicht-
aktivmaterialabschnitt (12Za, 12Zap, 12Zaq) vor dem Walzpressen des Nichtaktivmaterialabschnitts (12Z) der
streifenförmigen Elektrodenplatte (1Z) gegen eine beliebige von dem Paar Presswalzen (110, 120) zu drücken
und den Vorpress-Nichtaktivmaterialabschnitt (12Za, 12Zap, 12Zaq) in Richtung einer Stromaufwärtsseite (EUH) zu
ziehen, um die Zugkraft (τu) des stromaufwärtsseitigen Nichtaktivmaterialabschnitts zu erhöhen, die auf den
Zwischenwalzen-Nichtaktivmaterialabschnitt (12Zb) aufgebracht wird.
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3. Walzpressvorrichtung (300, 400) nach Anspruch 1 oder 2, wobei der Zugkraftverhältniseinstellmechanismus (340,
440) eine zweite Stromaufwärtsrichtungs-Zugwalze (330; 430) beinhaltet, die dafür ausgelegt ist, den Nachpress-
Aktivmaterialabschnitt (11, 11r, 11s) der komprimierten, streifenförmigenElektrodenplatte (1) nachdemWalzpressen
gegen eine beliebige von dem Paar Presswalzen (110, 120) zu drücken und den Nachpress-Aktivmaterialabschnitt
(11, 11r, 11s) in Richtung der Stromaufwärtsseite (EUH) zu ziehen, um die Zugkraft (τd) des stromabwärtsseitigen
Nichtaktivmaterialabschnitts zu verringern, die auf den Zwischenwalzen-Nichtaktivmaterialabschnitt (12Zb) aufge-
bracht wird.

4. Walzpressvorrichtung (500) nach Anspruch 1 oder 2, wobei der Zugkraftverhältniseinstellmechanismus (540) eine
Stromabwärtsrichtungs-Zugwalze (530) beinhaltet, die dafür ausgelegt ist, den Nachpress-Aktivmaterialabschnitt
(11, 11t) der komprimierten, streifenförmigen Elektrodenplatte (1) nach demWalzpressen gegen eine beliebige von
dem Paar Presswalzen (110, 120) zu drücken und den Nachpress-Aktivmaterialabschnitt (11, 11t) in Richtung einer
Stromabwärtsseite (EDH) zu ziehen, um die Zugkraft (τd) des stromabwärtsseitigen Nichtaktivmaterialabschnitts zu
verringern, die auf den Zwischenwalzen-Nichtaktivmaterialabschnitt (12Zb) aufgebracht wird.

5. Herstellungsverfahren für eine komprimierte, streifenförmige Elektrodenplatte (1), aufweisend eine streifenförmige
Stromsammelfolie (3) und eine komprimierte Aktivmaterialschicht (5, 6), die in einer Dickenrichtung (GH) der
Stromsammelfolie (3) komprimiert wurde,
wobei das Verfahren beinhaltet:
Elektrodenplattenbildung, wobei eine streifenförmige Elektrodenplatte (1Z) gebildet wird, wobei die streifenförmige
Elektrodenplatte (1Z) beinhaltet:

einen Aktivmaterialabschnitt (11Z) in Streifenform, der in einer Längsrichtung (EH) verläuft und eine Aktivma-
terialschicht (5Z, 6Z) in einer Dickenrichtung (GH) aufweist, wobei der Aktivmaterialabschnitt (11Z) die Strom-
sammelfolie (3) und die Aktivmaterialschicht (5Z, 6Z) in Streifenform, die über die Stromsammelfolie (3) in der
Längsrichtung (EH) der Stromsammelfolie (3) verläuft, beinhaltet; und
einen Nichtaktivmaterialabschnitt (12Z) in Streifenform, der in der Längsrichtung (EH) verläuft und in der
Breitenrichtung (FH) des Aktivmaterialabschnitts (11Z) und der Stromsammelfolie (3) angeordnet ist, wobei
der Nichtaktivmaterialabschnitt (12Z) keine Aktivmaterialschicht (5Z, 6Z) in der Dickenrichtung (GH) aufweist
und eine dünnere Dicke aufweist als der Aktivmaterialabschnitt (11Z), und
Pressen der sich bewegenden streifenförmigen Elektrodenplatte (1Z) in der Längsrichtung (EH) und Walz-
pressender streifenförmigenElektrodenplatte (1Z) durcheinPaarPresswalzen (110, 120), die parallelmit einem
Walzspalt (KA) dazwischen angeordnet sind, um die komprimierte, streifenförmige Elektrodenplatte (1), die mit
der komprimierten Aktivmaterialschicht (5, 6) versehen ist, zu bilden,
dadurch gekennzeichnet, dass
das Pressen durchgeführt wird, während ein Zugkraftverhältnis (τd/τu) einer Zugkraft (τu) eines stromaufwärts-
seitigen Nichtaktivmaterialabschnitts, die auf einer Stromaufwärtsseite (EUH) aufgebracht wird, und einer
Zugkraft (τd) eines stromabwärtsseitigen Nichtaktivmaterialabschnitts, die auf einer Stromabwärtsseite
(EDH) eines Zwischenwalzen-Nichtaktivmaterialabschnitts (12Zb) aufgebracht wird, so eingestellt wird, dass
es niedriger ist als in einemFall, bei dem keineEinstellung des Zugkraftverhältnisses (τd/τu) stattfindet, der nicht
komprimiert wird, jedoch zwischen demPaar Presswalzen (110, 120) gehalten wird, so dass das Entstehen von
Falten bei dem Nichtaktivmaterialabschnitt (12Z) gehemmt wird.

6. Herstellungsverfahren der komprimierten, streifenförmigen Elektrodenplatte (1) nach Anspruch 5, wobei das Zug-
kraftverhältnis (τd/τu) so eingestellt wird, dass dieses gleich 2,0 oder kleiner ist.

7. Herstellungsverfahren der komprimierten, streifenförmigen Elektrodenplatte (1) nach Anspruch 6, wobei das Zug-
kraftverhältnis (τd/τu) so eingestellt wird, dass dieses gleich 0,3 oder größer ist.

Revendications

1. Appareil de presse à rouleaux (100;200;300;400;500) configuré pour former une plaque d’électrode en forme de
bande comprimée (1) formée avec une couche de matériau actif comprimée (5,6), qui est formée de manière à ce
qu’une plaque d’électrode en forme de bande (1Z) soit transportée dans une direction longitudinale (EH) pour être
pressée à rouleaux de manière à ce qu’une couche de matériau actif (5Z,6Z) soit comprimée,
la plaque d’électrode en forme de bande (1Z) comprenant :
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une partie de matériau actif (11Z) comprenant une feuille de collecte de courant en forme de bande (3) et la
couche dematériau actif (5Z, 6Z) d’une forme de bande s’étendant sur la feuille de collecte de courant (3) dans la
direction longitudinale (EH) de la feuille de collecte de courant (3), la partie dematériau actif (11Z) d’une forme de
bande s’étendant dans la direction longitudinale (EH) et comprenant la couche de matériau actif (5Z, 6Z) dans
une direction d’épaisseur (GH) de la feuille de collecte de courant (3), et
une partie sans matériau actif (12Z) d’une forme de bande s’étendant dans la direction longitudinale (EH) et
disposée avec la partie de matériau actif (11Z) dans une direction de largeur (FH) de la feuille de collecte de
courant (3), la partie sans matériau actif (12Z) n’ayant pas de couche dematériau actif (5Z, 6Z) dans la direction
d’épaisseur (GH) et ayant une épaisseur plus fine que la partie de matériau actif (11Z), dans lequel
l’appareil de presse à rouleaux (100;200;300;400;500) comprend :

une paire de rouleaux de presse placés en parallèle avec un espace de rouleau formé entre eux ; et
caractérisé en ce que l’appareil de presse à rouleaux comprend
un mécanisme de réglage du rapport force de traction (140;240;340;440;540) configuré pour ajuster un
rapport de force de traction (τd/τu) d’une force de traction de la partie sans matériau actif en amont (τu) et
d’une forcede traction de la partie sansmatériau actif en aval (τd) afin qu’il soit plus petit quedans le cas où le
mécanisme d’ajustement du rapport de force de traction n’est pas fourni, dans une partie sansmatériau actif
entre les rouleaux (12Zb) maintenue sans compression par la paire de rouleaux de presse (110,120) de la
partie sans matériau actif (12Z) de la plaque d’électrode en forme de bande (1Z).

2. L’appareil de presse à rouleaux (100;200) selon la revendication 1, dans lequel le mécanisme de réglage du rapport
de force de traction (140;240) comprend un premier rouleau de traction dans la direction amont (130 ; 230) configuré
pour pousser une partie pressée sansmatière active (12Za, 12Zap, 12Zaq) avant le pressage au rouleau de la partie
sans matière active (12Z) de la plaque d’électrode en forme de bande (1Z) contre l’un des deux rouleaux de presse
(110, 120) et tirer la partie de prépresse sans matériau actif (12Za, 12Zap, 12Zaq) avant le pressage vers un côté
amont (EUH) afin d’augmenter la force de traction (τu) de la partie sansmatériau actif en amont qui est appliquée à la
partie sans matériau actif entre les rouleaux (12Zb).

3. L’appareil de presse à rouleaux (300,400) selon la revendication 1 ou 2, dans lequel le mécanisme d’ajustement du
rapport de force de traction (340,440) comprend un deuxième rouleau de traction dans la direction amont (330,430)
configuré pour pousser la partie de matériau actif post-pressée (11,11r, 11s) de la plaque d’électrode en forme de
bande comprimée (1) après le pressage au rouleau contre l’un quelconque de la paire de rouleaux de presse
(110,120) et tirer la partie dematériauactif post-pressée (11,11r,11s) vers le côté amont (EUH)pour réduire la forcede
traction (τd) de la partie sansmatériau actif en aval qui est appliquée à la partie sansmatériau actif entre les rouleaux
(12Zb).

4. L’appareil depresseà rouleaux (500) selon la revendication1ou2, dans lequel lemécanismed’ajustement du rapport
de forcede traction (540) comprendun rouleaude tractiondans ladirectionaval (530) configurépourpousser la partie
de matériau actif post-pressée (11,11t) de la plaque d’électrode en forme de bande comprimée (1) après la presse à
rouleaux contre l’un quelconque de la paire de rouleaux de presse (110, 120) et tirer la partie de matériau actif post-
pressée (11,11t) vers un côté aval (EDH) pour réduire la force de traction (τd) de la partie sans matériau actif en aval
qui est appliquée à la partie sans matériau actif entre les rouleaux (12Zb).

5. Procédéde fabricationd’uneplaqued’électrode compriméeen formedebande (1) comprenant une feuille de collecte
de courant en forme de bande (3) et une couche de matériau actif comprimée (5,6) qui a été comprimée dans une
direction d’épaisseur (GH) de la feuille de collecte de courant (3),
le procédé comprend :
formation d’une plaque d’électrode consistant à former une plaque d’électrode en forme de bande (1Z), la plaque
d’électrode en forme de bande (1Z) comprenant :

une partie de matériau actif (11Z) en forme de bande s’étendant dans une direction longitudinale (EH) et
comportant une couche dematériau actif (5Z, 6Z) dans unedirection d’épaisseur (GH), la partie dematériau actif
(11Z) comprenant la feuille de collecte de courant (3) et la couche de matériau actif (5Z, 6Z) en forme de bande
s’étendant sur la feuille de collecte de courant (3) dans la direction longitudinale (EH) de la feuille de collecte de
courant (3) ; et
une partie sans matériau actif (12Z) d’une forme de bande s’étendant dans la direction longitudinale (EH) et
disposée dans la direction de la largeur (FH) de la partie de matériau actif (11Z) et de la feuille de collecte de
courant (3), la partie sans matériau actif (12Z) n’ayant pas de couche dematériau actif (5Z, 6Z) dans la direction
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de l’épaisseur (GH) et ayant une épaisseur plus fine que la partie de matériau actif (11Z), et
pressagede laplaqued’électrodeen formedebande (1Z)dans ladirection longitudinale (EH)etpresser laplaque
d’électrode en forme de bande (1Z) par une paire de rouleaux de presse (110,120) disposés en parallèle avec un
espace de rouleau (KA) formé entre eux pour former la plaque d’électrode en forme de bande comprimée (1)
pourvue de la couche de matériau actif comprimée (5,6), caractérisé en ce que
le pressageest effectué en ajustant un rapport de force de traction (τd/τu) d’une force de traction de la partie sans
matériau actif en amont (τu) appliquée à un côté amont (EUH) et une force de traction de la partie sansmatériau
actif en aval (τd) appliquée à un côté aval (EDH) d’une partie sans matériau actif entre les rouleaux (12Zb) pour
qu’il soit plus petit que dans le cas où le rapport de force de traction (τd/τu) n’est pas ajusté, qui n’est pas
comprimée mais maintenue entre la paire de rouleaux de presse (110,120) de manière à limiter la formation de
plis dans la partie sans matériau actif (12Z).

6. Le procédé de fabrication d’une plaque d’électrode comprimée en forme de bande (1) selon la revendication 5, dans
lequel le rapport de force de traction (τd/τu) est fixé à 2,0 ou moins.

7. Le procédé de fabrication d’une plaque d’électrode comprimée en forme de bande (1) selon la revendication 6, dans
lequel le rapport de force de traction (τd/τu) est fixé à 0,3 ou plus.
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